The tryptophan residue present at the saccharide-binding site of castor bean hemagglutinin (CBH) was identified. A peptide containing a modified tryptophan residue was isolated from the tryptic digest of S-carboxymethylated B-chain obtained from an inactive derivative of CBH(2-Oxa-CBH), in which two tryptophan residues/mol were oxidized with Af-bromosuccinimide, by gel filtration on a Sephadex G-50 followed by high performance liquid chromatography. Analytical data for the isolated peptide indicated that the tryptophan residue at position 131 on the B-chain was modified in 2-Oxa-CBH.
From these and earlier results, it is suggested that the tryptophan residue at 131 on each Bchain is closely associated with the saccharide-binding activity of CBH. The specific role of tryptophan residue at 131 in the saccharide-binding site of CBHis also discussed.
Castor bean hemagglutinin (CBH) from Ricinus communisseeds has a molecular weight of 130,000, consisting of two sets of heterodimers composed of two polypeptide chains (A-and B-chains). The A-and B-chains are linked through a single disulfide bond and A~B units are held by non-covalent bonding.1~4) Like other lectins, CBH exerts its cytoagglutinating activity by way of binding to the carbohydrate moiety on the cell surface and this activity is served by B-chains. It is a divalent lectin capable of binding galactosecontaining saccharides specifically.
The interaction of CBH with its specific saccharides has been studied by various physicochemical methods.5~8) From UV-difference spectroscopic analysis for the binding of saccharides to CBH, we previously suggested that the state of tryptophan residue located at or near the saecharide-binding site of CBHwas perturbed by binding with saccharide and there existed a subsite structure in the saccharide-binding site.8) Such a view was supported by chemical modification data which indicated that the cytoagglutinating activity of CBH decreased markedly upon NBSoxidation owing to the oxidation of two tryptophan residues/mole, while in the presence of raffinose two tryptophan residues/ mole escaped from the modification and a fairly high cytoagglutinating activity was retained.9) On the basis of these observations, we suggested that in eaoh saecharidebinding site on each B-chain there is one tryptophan residue which is involved in the saecharide-binding activity of CBH. However, the tryptophan residue located at the binding site of CBH remained undetermined.
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Abbreviations: CBH, castor bean hemagglutinin; NBS, JV-bromosuccinimide; 2-Oxa-CBH, an inactive derivative of CBH,in which two tryptophan residues/mole were converted to oxindolealanine; TFA, trifluoro acetic acid; TPCK,l-(1 -tosylamido-2-phenyl) ethyl chloromethyl ketone; DABITC,4-A^N-dimethylaminoazobenzene 4 /-isothiocyanate; PITC, phenyl isothiocyanate; HPLC, high performance liquid chromatography; UV, ultraviolet. CBHor 2-Oxa-CBH (50mg) was reduced by 3% 2-mercaptoethanol in 10 mMTris-HCl buffer at pH 8.5 in the presence of0.4m lactose for 4hr at room temperature. After centrifugation at 18,000 rpm for 15min, the supernatant was applied to a column of DEAE-cellulose (1.6x21cm) equilibrated with 10mM Tris-HCl buffer at pH 8.5. The column was developed with the same buffer and the breakthough fraction was collected as B-chain. A chain was eluted by developing the column with a linear gradient ofNaCl from 0 to 0.2m in the same buffer. Chromatography was done at 4qC and the A-and B-chain fractions eluted were dialyzed against deionized water at 4°C and lyophilized.
Reduction and S-carboxymethylation of B-chain. The Bchain isolated from 2-Oxa-CBH was reduced and Scarboxymethylated according to Crestfleld et al..12) Scarboxymethylated B-chain was separated from the reagents by gel filtration on a Sephadex G-10 column (1.8 x 31 cm) in 0.1 n NH4OH and lyophilized. UV-Absorption spectra of the constituent polypeptide chains of 2-Oxa-CBH In Fig. 1 , the UV-absorption spectra of Aand B-chains isolated from 2-Oxa-CBH are shown in comparison with those from native CBH.In the shape of the absorption spectrum B-chain of 2-Oxa-CBH differed from that of native CBH, while no noticeable difference was observed between the A-chain isolated from 2-Oxa-CBH and that from native CBH.
The B-chain of 2-Oxa-CBH showed UVabsorption spectrum which was characterized by decreased intensity at 280 nm and increased intensity at 250nm. These results clearly indicate that during NBS-oxidation of CBH, tryptophan residues in B-chains were modified while tryptophan residues in A-chains remained unmodified.
Separation and characterization of tryptic pep tides
When the tryptic digest of S-carboxymethylated B-chain of 2-Oxa-CBH was sub- Fig. 2 were fractionated by reverse-phase HPLC (pannels A, B, C and D, respectively). Experimental conditions are described in the text.
Fig^3. Separation of Tryptic Peptides by HPLC. Pools T-II, T-III, T-IV and T-V in
jected to gel filtration on a Sephadex G-50 column, the digest was separated into major five fractions (T-I~T-V), as shown in Fig. 2 . Fraction T-I was not used since this fraction was an undigested protein as judged by its amino acid composition and NH2-terminal residue (data not shown). Peptides collected in fractions from T-II to T-V were subjected to HPLCfor further purification. As shown in Fig. 3 , fraction T-II was separated into 7 peptides by HPLC. HPLCof fraction T-III gave 5 peaks, and 5 and 2 peaks were obtained from fractions T-IV and T-V, respectively. All peptides were characterized by amino acid analysis, NH2-terminal sequence analysis and UV-absorption spectrum measurement. Amino acid compositions and NH2-terminal sequences of the peptides containing tryptophan or oxindolealanine are shown in Table I . These peptides were recovered in high yields (60 -70%) as calculated by amino acid analysis. Peptides T-II-c, T-II-e, T-II-g, T-III-b, T-IV-b, T-IV-f and T-V-b were found to correspond to the residues 159-168, 17- and 90-96 in the amino acid sequence of the B-chain,15) respectively. As represented by TIl-g, these 7 peptides showed UV-absorption spectra with a maximumat 280nm and a From UV-absorption spectrum. (+) and (-) denote the presence and absence of tryptophan in the peptide.
Determined by DABITC/PITC double coupling method. 13) shoulder at 290nm, which are due to tryptophan, as shown in Fig. 4(A) . In the amino acid sequence of the B-chain, there are ten tryptophan residues at positions 37, 45, 49, 90, 93, 131, 160, 173, 216 and 258. Among these residues, tryptophans at 90 and 93 were recovered in the small peptide T-V-b, and tryptophans at 45 and 49 in the peptide T-IV-f.
Tryptophan residues at 37, 160, 173 and 216
were recovered in T-II-e, T-II-c, T-III-b and T-IV-b, respectively, and the tryptophan residue at 258 was recovered in T-II-g which originated from the COOH-terminal region of the B-chain. These results indicate that 9 out of 10 tryptophan residues in the B-chain were recovered in the above 7 peptides. From the amino acid sequence and NH2-terminal sequence, a remaining peptide, T-II-d, was expected to exhibit UV-absorption spectrum owing to tryptophan since this peptide corresponds to the residues 118 -158 containing tryptophan at 131. However, this peptide did not show absorption spectrum owing to tryptophan, and the spectrum was characterized by a higher intensity at 250nm than at 280nm, as shown in Fig. 4(B) . Since such a spectrum was ascribed to oxindolealanine,16) it is natural to consider that tryptophan at 131 was recovered in peptide T-II-d as an oxidized form. Taking account of the high yields of the peptides, it was concluded that tryptophan at 131 on the B-chain was modified in 2-Oxa-CBH. 
Spectra of peptide T-II-g in (A) and peptide T-II-d in (B)
were taken in deionized water, respectively DISCUSSION The tryptophan residue present at the saccharide-binding site of CBHwas determined with the use of the inactive derivative of CBH,in which two tryptophan residues/mole were converted to oxindolealanine. The CBH molecule contains twenty-twotryptophan residues; one in each A-chain and ten in each Bchain.14'15) The results here presented clearly indicated that in 2-Oxa-CBH the modified tryptophan residue was contained in the Bchain but not in the A-chain (Fig. 1) . A similar result was obtained for ricin D, an isolectin of CBH, which has a 64,000 molecular weight consisting of two polypeptide chains (A-and B-chains).17) Analysis of the tryptic peptides derived from the B-chain of 2-Oxa-CBH revealed that nine out of ten tryptophan residues in the B-chain remained unmodified, while only the tryptophan residue at position 131 was converted to oxindolealanine (Table I and Fig. 3 ). As described in the preceding paper,9) NBS-oxidation of CBHwas greatly influenced by pH and at pH 5.0 NBS modified two tryptophan residues located on the surface of the CBHmolecule to yield an inactive derivative of CBH,2-Oxa-CBH,without any noticeable change in the far UVcircular dichroism spectrum. Based on these facts, it is reasonable to consider that the loss of cytoagglutinating activity of CBH by NBS-oxidation is principally due to the modification of tryptophan at 131 on each B-chain but not due to a change in the main chain configuration of the CBHmolecule. There is a possibility that NBS attacks amino acid residues in addition to tryptophan in protein. Modification of tyrosine in CBHby NBS-oxidation was disregarded by spectroscopic analysis.9) However, a relatively low methionine content in peptide TIl-d containing methionine at 150 implies that methionine at 150 was partially modified during NBS-oxidation (Table I ). The role of methionine at 150 in the function of CBHis not clear, but it can be considered that this resdiue is*located on the surface of the CBHmolecule and hence it shows a relatively high susceptibility to NBS. sites with extended structure capable of accepting oligosaccharides in addition to the galactopyranoside recognition site, and showed that a tryptophan residue located in one of the subsites was shielded by a glucopyranosylfructofranoside moiety in the raffinose molecule.8'^The specific role of the tryptophan residue in the saccharide-binding site of CBH still remains undetermined. However, based on the above view, we can postulate that tryptophan at 131 on the B-chain is not at the galactopyranoside recognition site, but it participates in the interaction between the subsite and the saccharide residue(s) linked to the galactopyranoside residue at the nonreducing end in the oligosaccharide molecules.
